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Abstract

After the improvement in arthroscopic shoulder sur-
gery, superior labrum anterior to posterior (SLAP) tears
are increasingly recognized and treated in persons with
excessive overhead activities like throwers. Several po-
tential mechanisms for the pathophysiology of superior
labral tears have been proposed. The diagnosis of this
condition can be possible by history, physical examina-
tion and magnetic resonance imaging combination. The
treatment of type 1 SLAP tears in many cases especially
in older patients is non-operative but some cases need
arthroscopic intervention. The arthroscopic manage-
ment of type 2 lesions in older patients can be biceps
tenodesis, but young and active patients like throw-
ers will need an arthroscopic repair. The results of ar-
throscopic repair in older patients are not encouraging.
The purpose of this study is to perform an overview of
the diagnosis of the SLAP tears and to help decision
making for the surgical management.
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Core tip: The arthroscopic management of type 2 le-
sions in older patients can be biceps tenodesis, but
young and active patients like throwers will need and
arthroscopic repair.
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INTRODUCTION

The long head of the biceps tendon and superior labrum
help to stabilize the humeral head usually in the abducted
and externally rotated arm. Injuries to the glenoid labrum
represent a significant cause of shoulder pain especially
among athletes involved in repetitive overhead activities'.
After the development of shoulder arthroscopic inter-
ventions superior labrum anterior to posterior (SLAP)
tears are well recognized in recent times"”. The name
“SLAP” was used by Snyder ¢z a/” for the first time in
the literature. These lesions occur either an isolated or in
a conjunction with other shoulder problems like rotator
cuff tears, instability or other biceps tendon patholo-
giesH’S]. There are different types of treatment modalities
in different type of SLAP lesions. The treatment plan
changes not only about the type of the lesion but also
the age and functional level of the patient. Different
treatment modalities were discussed in the literature. Our
primary objective for this study was to help surgeons to
better understand the pathology and make a decision for
surgical management of SLAP tears according to type of
the tear and patient’s characteristics.
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Figure 1 Superior labrum anterior to posterior tear classification. Type 1:
Degenerative fraying of the superior labrum, biceps anchor is intact; Type 2:
Superior labrum and biceps tendon detachment from glenoid rim; Type 3: Buck-
et-handle tear of labrum with intact biceps anchor; Type 4: Bucket-handle tear
of labrum extended into the biceps tendon; Type 5: Superior labrum anterior to
posterior (SLAP) with anterior inferior extension; Type 6: Anterior or posterior
flap tear with the bucket handle component tear; and Type 7: SLAP with exten-
sion to the middle glenohumeral ligament.

ANATOMY

In order to understand the mechanism of this event it
is best to understand the anatomic features around the
glenoid. The glenohumeral joint is surrounded by a fi-
brocartilage tissue called labrum®”. Tt increases the depth
of glenoid fossa limiting the translation of humeral head
and stabilizes the long head of biceps tendon improving
glenohumeral joint stability". Glenohumeral joint is stabi-
lized by static and dynamic restraints. Static restraints in-
clude capsuloligamentous structutes, labrum and negative

intraarticular pressure. Dynamic restraints include rotator
cuff muscles, periscapular muscles and biceps muscle®.
The vascular supply of labrum is provided by supra-
scapular, citcumflex scapular and postetior humeral artet-
es”. The anterosuperior margin of the glenoid rim has
limited vascularity making it more vulnerable to injuries
and having impaired healing potential. The relationship
between supetior labrum and long head of biceps tendon
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1s a special concern because of the considerable anatomic
variability between this structures. There are some ana-
tomic variants for glenoid labrum and biceps tendon; the
most common normal variation is a labrum attached to
the glenoid rim and there is a broad middle glenohumeral
ligament. One kind of anatomic variation is the sub-
labral recess, which represents a gap located inferior to
the biceps anchor and the anterosuperior portion of the
labrum. It is usually seen in 12-o’clock position of the
glenoid in arthroscopic surgerym. Another variant is the
sublabral foramen, which is a groove between the normal
anterosuperior labrum and the anterior cartilaginous boz-
der of the glenoid rim. Another variation is the Buford
complex which is characterized by the absence of the
anterosuperior labral tissue with the presence of a thick

cord-like middle glenohumeral hgament[ A

HISTORY AND CLASSIFICATION

Since the mid-1980s SLAP lesions were recognized as a
cause of shoulder painm. Kim e al'” were the first au-
thors who described that superior glenoid labrum tears
are related to the long head of the biceps. After that
Snyder et al. made the first classification system and es-
tablished the current understanding of the pathologic
anatomy of SLAP lesions'” . They emphasized the con-
cept that some of these lesions require repair rather than
debridement"". Knesek ez al" classified these tears into 4
distinct types (Figure 1).

Type 1 lesions are characterized by fraying and de-
generation of the free edge of the superior labrum with
intact biceps anchor; there is no any other concomitant
shoulder pathology“zj. In type 2 lesions the labral de-
generation is similar to type 1 lesions however there is
detachment of the biceps anchor from the supetior gle-
noid tubercle which leads to displacement of the biceps-
superior labrum complex into the glenohumeral joint.
Type 2 lesions are the most common subtype involving
41% of those shoulders identified in Snyder et als origi-
nal series'!. The tinding in type 3 lesions is the bucket
handle tear of the superior labrum like meniscus in the
knee joint. The biceps anchor in type 3 lesions is intact.
Type 4 lesions involve the same bucket handle tear of the
superior labrum but this tear extends into the biceps ten-
don root"”.

This classification system later required some modi-
fications. According to Maffet ez al” only 62% of their
shoulder series was fitting to the Snyder’s classification
schema. So they composed a new classification system.
As a result they described 6 new subtypes; Type 5 le-
sions are characterized by a Bankart lesion that extends
to the superior labrum and biceps anchor. In type 6 le-
sions there is an unstable labral flap with biceps tendon
separation. If this separation of the biceps tendon-labral
complex extends to the middle glenohumeral ligament,
the lesion is called type 77, Type 8 tears are same as type
2 teats With a posterior labral extension to the 6 o’clock
position". Type 9 lesions are more severe labral tears
with circumferential involvement whereas type 10 lesions
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involve superior labral tear combined with a posteroinfe-
rior labral tear (reverse Bankart lesion) o,

PATHOPHYSIOLOGY

SLAP tears have been recognized as a common cause

of shoulder pain and dysfunction in a specialized patient
population namely athletes taking part in overhead activi-
ties and heavy duty workers"'%, Several potential mecha-
nisms for the pathophysiology of superior labral tears
in overhead athletes have been proposedm. With the
hyperabduction and external rotation during throwing,
there is an increase of shear and compressive forces on
the glenohumeral joint and strain on the rotator cuff and
capsulolabral structures”. Kinematic chain is a concept
that refers to a combination of successively arranged
rigid parts connected by joints. An example is the simple
chain. When a force applies to the proximal part of the
chain it will transfer to distal part through the joints. In
a thrower, large forces and high amounts of energy are
transfered from the legs, back and trunk to the arm and
hand. The shoulder acts as a funnel and force regulator;
and the arm acts as the force delivery mechanism. Un-
controlled throwing with relative imbalance of shoulder
muscles, especially during the late cocking phase, may
contribute to anterior glenohumeral instability and play
a role in the development of SLAP tears'”?", Today it is
known that glenohumeral external rotation increases by
time, but this change might be accompanied by a loss of
internal rotation capacitym]. 'This internal rotation deficit
is caused by contracture of the posteroinferior capsule
that initiates the cascade of events ultimately resulting in
tendinous and labral lesions®. This tight posteroinferior
capsule shifts the glenohumeral contact point postero-
superiorly especially during overhead-throwing activitiy.
This creates an internal impingement of the articular side
of the rotator cuff tendons and posterosuperior labrum
between the humerus and the glenoid rim, precipitating
a SLAP lesion"!. This internal impingement was first de-
scribed by Walch e7 al™ as an intraarticular impingement
of the rotator cuff in the abducted and externally rotated
shoulder. With 90 degrees of both abduction and exter-
nal rotation, the articular surface of the posterosuperior
rotator cuff becomes pinched between the labrum and
the greater tuberosity.

There is also another causative factor for the superior
labral tear called “peel-back” mechanism"”. The twist-
ing at the base of the biceps transmits torsional forces to
the posterosuperior labrum, resulting in peel-back of the
labrum!". This mechanism usually happens in a position
of abduction and maximal external rotation, the rotation
produces a twist at the base of the biceps tendon inser-
tion which transmits torsional force to the area!”. In a
throwing shoulder, repeated initiation of this mechanism
can lead to failure of the labrum over time with avulsion
from the bone™. This happens usually during the decel-
eration phase of the arm™
The result of these events is a SLAP tear and possible
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rotator cuff tear. It should be kept in mind that scapula
plays an important role in shoulder kinematics and altered
scapular mechanics might also contribute to patient’s pain
and shoulder dysfunctionm. When the scapula does not
perform its action properly, its malposition decreases nor-
mal shoulder function a condition called “scapulothoracic
dyskinesis”. This condition causes visible alterations in
scapular position and motion patterns. It is believed that
it occurs as a result of changes in activation of the scapu-
lar stabilizing muscles; damage to the long thoracic,dorsal
scapular or spinal accessory nerves or possibly reduced
pectoralis minor muscle length may be the reason of this
condition™. Visual findings of this dyskinesis are wing-
ing or asymmetry. It is observed during coupled scapulo-
humeral motions. This pathology should always be kept
in mind for most of the shoulder disorders. Treatment
of scapular dyskinesis is directed as managing underlying
causes and restoring normal scapular muscle activation
patterns by kinetic chain-based rehabilitation protocols™.

PHYSICAL EXAMINATION

The clinical diagnosis of a SLAP lesion is an extremely
challenging procedure because there are no unique clini-
cal findings associated with this type of pathology. Also
the condition is frequently associated with other shoulder
problems such as impingement, rotator cuff tears, de-
generative joint disease and other soft tissue-related inju-
ries!". Before the physical examination, a proper patient
history should be documented. There are often mechani-
cal symptoms like clicking or popping especially during
the cocking phase of throwing“’é]. Concomitant lesions
such as impingement, cuff tears or biceps tendinopathy
might cause complaints like night pain, weakness and
instability[1’5‘. Physical examination starts with careful as-
sessment of glenohumeral and scapulothoracic range of
motion'. As previously mentioned, the external rotation
capacity of the shoulder might even increase whereas the
internal rotation capacity decreases as seen in overhead
throwing athletes. This condition called glenohumeral
internal rotation deficit (GIRD), should be measured
if present with the patient lying supine on examination
table and the shoulder is positioned at 90 degrees abduc-
tion with the elbow flexion respectively while the scapula
is stabilized to eliminate any scapulothoracic motion. Any
side-to-side difference in glenohumeral motion is then as-
sessed by internally and externally rotating the arm',
There are numerous physical examination tests de-
scribed to detect a SLAP injury. They are usually sensitive
but not speciﬁcm. These include Active Compression /
O’Briens’s Test (Figure 2A), Biceps Load Test I (Fig-
ure 2B), O’Driscoll’s Dynamic Labral Shear Test (Figure
2C), Speed’s Test (Figure 2D) and Labral Tension Test!™,
Of these tests, only Biceps Load Test II shows utility
in identifying patients with a SLAP-only lesion with no
other concomitant pathologym’m, however there ate no
convincing data either of these clinical tests is superior
for accurate detection of a SLAP lesion (Table 1)
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Figure 2 Physical examination tests described to detect a superior labrum anterior to posterior injury. A: O'Briens’s test. When the patient sitting with 90° of
shoulder flexion and 10° of horizontal adduction, completely internally rotates the shoulder and pronates at the elbow. The physician applies downward force at the
wrist or elbow and the patient resist the force. Pain on top of or inside the shoulder is considered a positive test; B: Biceps Load test. The patient supinates the arm,
abduct the shoulder to 120 degrees, flex elbow to 90 degrees, externally rotate arm until the patient becomes apprehensive and provide resistance against elbow
flexion, pain considered a positive test; C: O'Driscoll's Dynamic Labral Shear test. When the the patient is standing with the arm laterally rotated at 120 degrees
abduction, the examiner applies anterior shear force. A positive test is indicated by pain; D: Speed’s test. The patient's elbow is extended, forearm supinated and the

arm elevated to 90°. The examiner resists shoulder forward flexion. Pain in the bicipital groove is considered a positive test.

Bennett reported a specifity of 14%, sensitivity of 90%,
positive predictive value of 83% based on correlations
of a positive Speed’s test with arthroscopic findings of
biceps pathologylzs’ij.

Another important part of the physical examination
is evaluation of scapular kinematics. There might be
scapular dyskinesis which is described as altered scapular
position and motion relative to the thoracic cage“’m. If a
periscapular muscle atrophy or scapular winging is noted
an associating cervical spine pathology should always be

kept in mind'"".

IMAGING

Like any other musculoskeletal disease the painful shoul-
der evaluation begins with plain radiographs. This in-
cludes anteroposterior, outlet and axillary views. SLAP

lesions have no specific findings in routine radiographs
but coexisting pathologies such as outlet impingement,
subluxation of glenohumeral joint and acromioclavicular
abnormalities may be detected"!. Currently MRI, particu-
larly MR artrography (MRA) is the gold standard imaging
method to detect SLAP tears”". Some physicians prefer
computed tomography arthrography (CTA) to MRA as it
is a cost effective method of imaging for labral patholo-
giesml. In some studies the sensitivity and specificity were
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comparable in both MRA and CTA for labral lesions™,
but many studies showed that the sensitivity and specific-
ity of CTA is lower than of the MRA, so in our opinion
choosing CTA rather than MRA is a matter of physicians
preference and availability of the imaging technique. As
the indications and operative procedures varies in differ-
ent types of SLAP lesions, pre-operative MR imaging is
essential to detect detailed description of lesions. While
sensitivity of MRI to detect SLAP tears is about 50%, in
several studies sensitivity of MR arthrography is reported
near 90%"**". MR arthrography is the superior imaging
technic and this superiority is because of the fact that the
intra-articular injected contrast medium distends the joint
capsule, outlines intra-articular structures and leaks into
tears” ", It means more clear delineation of the anatom-
ic structures and SLAP lesions from anatomic vatriations
like sublabral recess or sublabral foramen!. Sublabral
recess or superior sulcus is a normal variant that is pres-
ent in mote than 70% of individuals. In this variation
the base of superior labrum is not attached to the supe-
rior glenoid and in some cases this recess can be up to
1.4 centimeters deeplzsl. MR artrography can also detect
spinoglenoid cysts. These cysts may cause entrapment
of suprascapular nerve causing shoulder pain, weakness
in external rotation and infraspinatus muscle atrophy.

Though MRA sensitivity is high, in several studies high
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Table 1 Diagnostic accuracy of physical examination tests

Test Sensitivity  Specificity PPV/NPV
Biceps load test 55 53 67/41
O’Brien’s test 91 14 66/44
Speed’s test 48 55 65/38
O'Driscoll’s test 89 30 69/60
Labral tension test 28 76 67/39

NPV: Negative predictive value; PPV: Positive predictive value.

incidence of false positive are reportedpo’33’34j. SLAP tears
are best seen on coronal oblique sequences in the ABER
position as the contrast medium fills the gap between
glenoid and superior labrum™. As mentioned before
MR arthrography is the best imaging technic to evaluate
the SLAP lesions but because of high incidence of false
positive cases a detailed correlation with clinical history
and physical examination is the key to diagnosis.

TREATMENT

The first step for the treatment of a suspected superior
labral lesion should be a period of conservative treat-
ment””. This includes rest, physical therapy and nonste-
roidal anti-inflammatory drugs. Physical therapy seems
only successful in few patients, mainly in type I SLAP le-
sions, it is only implemented in patients with this type of
lesion or patients who do not wish to undergo surgery.
Exercises to improve strength and endurance are not ini-
tiated until the pain is tesolved"!. Edwards e a/*” showed
that successful non-operative treatment of superior labral
tears results in pain relief and functional improvement
compared with pre-treatment assessments. They found
that return to sports was successful but return to over-
head throwing sports at the same level was not possible.
The goals of rehabilitation should include regaining the
scapula and rotator cuff muscles strength and normal
range of motion. Proprioception and neuromuscular
control should be improvedm. Besides the rehabilita-
tion, nonsteroidal anti-inflammatory drugs and massage
therapy can be used”. In case of conservative treatment
failure, surgical procedures can be planned according to
clinical history, examination and radiological findings for
the patients doing sports, particularly overhead throwing
athletes™ . Repair, tenodesis, debridement, tenotomy,
and observation have been recommended depending on
the characteristics of the disease. Zhang et al. searched
the database in United States between 2004 to 2009 with
25574 arthroscopic SLAP repairs. They found that there
is a significant increase in repair number by time. The
highest incidence of repair is in the 20-29 years and 40-49
years of age groups. Also there is a significant gender dif-
ference with men having three times higher incidence of
repairmj.

Type 1 lesions which represents degenerative fraying
without compromise of the labral attachment to the gle-
noid are treated with debridement only and rarely consid-
ered a source of clinical symptoms'?. Simply arthroscop-
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ic shaving without damaging biceps anchor is enough for
the surgical treatment of these type of lesions. Among
various types of SLAP lesions, type 2 lesions are the
most common form seen in clinical practice with visible
detachment of the biceps anchor from the supraglenoid
A% \With the advancement of arthroscopic
techniques, surgical treatment has evolved from isolated

tubercle

arthroscopic debridement to surgical repair of the lesion.
These types of lesions can be treated with arthroscopic
fixation of the superior labrum to establish biceps anchor
stability. The initial studies suggested an extremely high
level of success in arthroscopic repairsm’m. Morgan ef
al” published a retrospective review of 102 patients who
underwent arthroscopic repair of type II SLAP tears.
They reported 97% good or excellent results. However,
the clinical results of elite throwing athletes has shown
that this is not, in fact, always the case™. In a prospec-
tive analysis of type 2 SLAP repairs in 179 patients,
Provencher ef al”' found clinical and functional improve-
ment in shoulder outcomes. However, a reliable return to
the previous activity level is limited with 37% failure rate
with a 28% revision rate. The patients older than 36 years
were associated with high chance of failure”. Because of
unsatisfactory results in older patientsm, Boileau e a/*”
suggested biceps tenodesis in these patients. They found
that tenodesis is superior to the repair of type 2 SLAP
tears in older population. However in another study by
Alpert ef al* it is shown that type 2 SLAP repairs us-
ing suture anchors can yield good to excellent results in
patients older and younger than age 40. Their findings
show no difference between two age groups[%]. So there
1s a conflict at the literature about the repairs of the older
patients.

Type 3 lesions are characterised by bucket-handle
tears of superior labrum with intact biceps anchor. Usu-
ally, the symptoms are because of the mobile labral
fragment. This fragment can easily be debrided by an ar-
throscopic shaver. There is no need to repair this type of
injury”. After the resection of the free fragment, a pain
free shoulder can be established. There ate limited infor-
mation in the literature about the types other than type 2
lesions.

There are different surgical repair options for SLAP
tears. These are nonabsorbable, absorbable and knot-
less anchots. Metallic anchors have been used over time.
However, some complications like articular surface dam-
age, migration, artifact production in postoperative MRI
were reported. Then bioabsorbable tacks and anchors
were used™. Also tacks are used in different types. There
are some bad results with persistent pain and disability
following the use of polyglycolide lactic (PLLA) tacks™,
Foreign body reaction, synovitis and chondral damage
were also reportedlso’su. The newer versions of absorbable
anchors are proven to have equal pull-out strength as me-
tallic anchors, with reported lower complication rates™.
Although there are low complication rates, a recent study
by McCarty er al™ reported high complication rates. In
revision cases, they found papillary synovitis, chondral
damage and giant cell reactions in most of the patientslsﬂ
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But, it should be kept in mind that this study was pet-
formed on the revision cases. Knotless anchors are an-
other option with shorter operation time and no knot at
the joint which may be a cause for irritation. There are
good results with knotless anchors that are equal to re-
sults of using standard anchors™. Biomechanically, knot-
less anchors’ initial fixation strength was found similar to
that of simple suture repairs and the repairs restore the
anatomy without over constraining the shoulder™.
Diagnosis of the SLAP tears is based on clinical
history, a detailed physical examination and MRI. MR
arthrography is the best imaging technic for evaluating
SLAP lesions. Arthroscopic SLAP repairs remain the
gold standard with increased complication rates” . The
clinicians should carefully choose the surgical treatment
options for older patients and overhead athletes. In the
older patients and revision cases, the biceps tenodesis or
tenotomy should be kept as another option for treatment.
Overhead throwers and young active people with type 2
SLAP tears can benefit from an arthroscopic repair. To
date repair with knotless anchor systems seems to be as
strong as simple sutures with less irritation in the joint.
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